Backgrand. Lateralized periodic discharges (LPDs) are infrequent electroencephalograph (EEG) findings, and may present in ictal or interictal form. They are regarded as potential electrophysiologic signs of convulsive or nonconvulsive status epilepticus (NCSE). We report four patients who presented with NCSE and one who presented with convulsive status epilepticus in the postictal period, characterized by LPDs in EEG recordings in the first year after stroke. Material and methods. We prospectively evaluated patients who clinically presented with status epilepticus associated LPDs between March 2014 and March 2015. We investigated patients that presented with a new stroke occurrence. We excluded the other LPD etiologies. EEG studies of five patients (two men) who were admitted to our emergency unit with confusion, three of whom had visual symptoms; four were treated for NCSE as diagnosed with LPDs. The fifth patient had convulsive status epilepticus with LPD in the postictal period. Results and Discussion. None of the five patients, who were aged between 68 and 92 years, showed any etiologic factor other than a history of cerebrovascular disease (CVD). Magnetic resonance imaging studies of the patients revealed old infarcts and transitional diffusion restrictions. The clinical and EEG findings decreased substantially upon antiepileptic drug treatment. Herein, we illustrate the first patient who had confusion, visual hallucinations, and ictal and interictal LPD in her consecutive EEGs. Conclusions. CVDs may pave the way for LPDs in patients with a history of stroke because CVDs cause structural brain damage. Patients who present with a similar clinical profile and imaging signs of stroke should be checked for NCSE, particularly in the presence of LPDs in EEGs.
well as presenting with acute metabolic disorder in patients with chronic structural damage (Janati et al., 1986) . Most patients with LPDs demonstrate clinical seizures, whereas LPDs are often regarded as an interictal finding (Fitzpatrick and Lowry, 2007; Beniczky et al., 2013; Trinka and Leitnger, 2015) .
Due to the fact that nonconvulsive status epilepticus (NCSE) may not show any clinical symptoms other than a confused state, it may be difficult to reach a diagnosis when it presents with negative symptoms like aphasia or blindness (Jirsch and Hirsch, 2007; Caboclo et al., 2016) . In addition, brain magnetic resonance imaging (MRI) signs, similar to those observed during acute stroke, can be confused with findings that occur in status epilepticus due to cytotoxic and vasogenic edema, which further complicate the diagnostic process (Rennebaum et al., 2015) . The presence of such findings obtained through brain imaging modalities in addition to a subtle clinical profile of NCSE with a background of cerebral vascular disease (CVD) may be confusing with regard to the differential diagnosis of acute stroke and status epilepticus.
AIM
In this study, we aimed to present four patients with NCSE who presented to our emergency unit with signs and symptoms of disorientation, visual hallucinations or sudden loss of vision and Wernicke-type aphasia, and a fifth patient who presented in the postictal period with confusion, after convulsive status epilepticus, having ictal/interictal focal seizure activity associated with LPDs in their EEG. We illustrate the first patient who had confusion, visual hallucinations, and ictal and interictal LPD in her consecutive EEGs. The other four patients are presented in Table 1 .
MATERIALS AND METHODS
We prospectively evaluated five older patients between March 2014 and March 2015, who presented to the clinic with status epilepticus-associated LPDs. We studied patients who presented as though they were having a new attack of stroke. We excluded the other LPDs etiologies.
We evaluated EEG on the first day of admission, and repeated the evaluation the following day. We repeated EEG 4 times in the index case: at admission, the following day, after 2 weeks of admission because of clinical degradation, and then after clinical improvement in the third week.
Initial MRIs were performed in the first 1-4 hours of admission and repeated during the following days after clinical improvement. Four patients presented with visual hallucinations, sudden loss of vision, Wernicke-type aphasia, and a confused state. They were classified as NCSE in accordance with the modified Salzburg consensus criteria for NCSE. The last patient presented with postictal status epilepticus and refractory LPD activity in the EEG. Two patients had hyperintense lesions in the acute phase as revealed under diffusion-weighted imaging (DWI). All five patients had LPD activity in their EEG. Clinical seizure semiology, LPD, and MRI findings were consistent.
RESULTS
The second patient had LPD activity in the previous seizure location along with both negative and positive clinical findings, which affirmed the location, such as seizure-related aphasia and loss of vision and hallucinations. However, the previous stroke was in the left MCA region, and the new imaging studies indicated the right temporo-occipital region. Three patients exhibited seizures in the occipital lobe, and two patients (N2 and N3) showed temporal lobe involvement, in addition to the clinical profile of aphasia. The new imaging findings independently suggested the involvement of the temporo-occipital region in the contralateral hemisphere in one patient (N2). On the other hand, the other patients (N3, N4 and N5) displayed no new sign in the imaging studies.
We administered diazepam 10 mg iv, during EEG exam in 3 patients. We observed suppression of epileptiform discharges in all 3 patients' investigations. We then evaluated the clinical state and reported clinical improvement. Antiepileptic drugs were administrated to all 5 patients.
The index case (N1)
A right-handed woman aged 73 years was admitted to our emergency unit because of seizures. According to her relatives, she had turned her head and experienced sudden contractions in her left arm and leg, followed by loss of consciousness accompanied by foaming at the mouth. After this seizure, which lasted about 30 seconds, she had a tendency to sleep and presented to our emergency unit in a confused state. Her history revealed an infarction of the right middle cerebral artery (MCA) in the previous year. Three months after the stroke, she was prscribed levetiracetam 1000 mg/day because of having seizures that caused contractions in her left arm and leg, which reportedly did not repeat during the past months.
Her neurologic examination showed a sleep tendency and she opened her eyes on demand; however, she had disorientation of time, place, and person, and also showed dysarthria. She had left hemiparesis that included her face. Her left plantar reflex was extensor. She had clouding of consciousness and appeared to talk with non-existing people, sometimes in an incoherent fashion, which was thought to be associated with complex visual hallucinations.
A diffusion-weighted cranial MRI (DWI) study performed on the day of admission showed hyper-intensity over the right occipital region and restriction in the apparent diffusion coefficient (ADC) map (Figure 1) .
The EEG examination performed on the following day demonstrated high-amplitude continuous periodic sharp wave discharges that recurred at 1-1.5 second intervals over the right hemisphere, in the occipital region. Fast rhythms of 14-16 Hz were observed (Figure 2 ). These periodic sharp wave discharges disappeared almost completely after the administration of 10 mg IV diazepam (Figure 3) . The patient displayed better communication, started to recognize her relatives, and began to talk after dozing off a little.
The levetiracetam dose was increased to 2000 mg/ day. The clinical follow-up of the patient revealed improvement in the confused state and she started to recognize her relatives. However, the 10-20-sec visual hallucinations persisted with fluctuating confusion.
The clinical follow-up showed a focal seizure activity in the form of rhythmic jerking in the index finger of the left hand and the left foot. Despite the administration of 10 mg IV diazepam, the symptoms persisted for about 1 hour and were diagnosed as epilepsia partialis continua (EPC). Topiramate was added to the treatment regimen and the dosage was gradually elevated to 200 mg/day. Two days after the EPC attack, she began to talk with non-existing people and had drowsiness. The repeat EEG exhibited sharp waves with low-moderate amplitude that were of continuous character and repeated rhythmically every second, with very brief intervals. These discharges were observed to spread over the right hemisphere from time to time (Figure 4 ). These discharges disappeared 37 seconds after the administration of 10 mg iv diazepam ( Figure 5 ), and her cognition and communication recovered better than before. After the seizures were treated, her cranial MRI revealed resolution of the hyper-intensity in the DWI (Figure 6 ). We believe that the hyper-intensity was related to epileptiform activity; there was no lasting structural damage.
Afterwards, her clinical treatment took 3 weeks; the hallucinations disappeared and the disorientation to person, place and time was observed to be better with levetiracetam 2000 mg/day and topiramate 200 mg/day. DISCUSSION PLED/LPD activity is reported in 0.1-1% of routine EEG recordings (Fitzpatrick and Lowry, 2007) and categorized in two groups: complete PLED and PLED-plus. Complete PLED defines relatively stable, simple, and uniform discharges. PLED-plus is more closely related to seizure activity and consists of discharges accompanied by activities of low amplitude and rapid rhythms (Reiher et al., 1991) . While evaluating the clinical significance of PLEDs, their characteristics such as frequency, stereotypy, background activity, and evolution/dynamics are also considered to be important determinants (Finnigan and van Putten, 2013; Trinka and Leitinger, 2015) . PLED activity in 24-hour EEG recordings is reported to vary between PLED and PLED-plus, which is more closely correlated with seizure activity (Chong and Hirsch, 2005; Trinka and Leitinger, 2015) . The presence of high frequency, rapid background activity, and chaotic stereotype, as in our first patient, was consistent with PLED-plus. In this patient, PLED/LPD was regarded as an ictal pattern (Figure 2 ) and focal seizure activity was also observed in the same region after the suppression of LPD. The EEG recordings of our other 4 patients demonstrated simultaneous presence of focal seizure activity and LPD in the same region. We could not demonstrate seizure activity with EEG in the last patient who had refractory LPD activity.
Almost 80% of patients with LPD exhibited focal seizure symptoms or focal neurologic signs (Andraus et al., 2012) . In emergency units, patients who presented with LPD developed clinical seizures (90%), generalized seizures (82.1%), focal seizures (17.8%), epilepsia partialis continua (10.7%), or generalized status ep- A B ilepticus (35.7%) (Kate et al., 2012) . Although LPDs are known to be observed during the ictal period and resistant against antiepileptic drug therapy (Brenner and Schaul, 1990) , the authors pointed out that LPDs associated with confused state may benefit from antiepileptic drug treatment. In our cases, the focal seizure activity observed during the EEG recording resolved with IV benzodiazepine therapy; however, the concomitant LPD activity persisted in the acute period, albeit suppressed a little in terms of amplitude. After the application of the antiepileptic drug treatment, the LPD activity resolved in four of the patients. Although significant clinical improvements were observed in the first patient who was unresponsive to the treatment, followup EEGs showed that LPD activity resolved at 3 weeks but the epileptiform activity persisted. In the other three patients who received antiepileptic drug therapy, LPD resolved within 5-7 days. The last patient presented with status epilepticus and the LPD activity was intractable despite clinical improvement. EEG abnormalities can be observed in various forms after CVD. During the acute phase, seizures may present with ictal epileptic discharges, whereas focal or diffuse slow waves may accompany during the subacute/ chronic phases (Finnigan and van Putten, 2013) . LPDs can be detected both during the acute and subacute phases (Fitzpatrick and Lowry, 2007) . In our patients, there were no new lesions that could explain the etiology behind LPD. The clinical profile developed after almost a year following the previous seizure. LPDs were consistent with the lateralization of the stroke; however, the first patient had a different location. In patient N1, although there was a past right MCA infarction, the new seizure semiology, imaging findings, and the Table 1 . Clinical, electrophysiologic, and imaging characteristics of the patients ADC -Apparent Diffusion Coefficient; BDZ -benzodiazepine; DWI -diffusion-weighted imaging; EPC -epilepsia partialis continua; M -Male; IV -intravenous; F -female; LEV -Levetiracetam; NCSE -nonconvulsive status epilepticus; SE -status epilepticus; MCA -middle cerebral artery; LPD -lateralized periodic discharge; TPM -Topiramate).
LPD location indicated the right occipital region. The resolution of the hyper-intensity and the ADC diffusion restriction in the right occipital region on the third week is believed to have been a seizure-induced edema area rather than a new lesion (Rennebaum et al., 2016) . In general, LPD activity in patients with chronic cerebral disease showed an acute state with increasing clinical seizure activity (Baykan et al., 2000) . Patients with LPDs may demonstrate isolated focal or generalized seizures, whereas nonconvulsive status epilepticus or epilepsia partialis continua may also be observed (Schraeder and Singh, 1980) . LPDs may develop due to various reasons as a result of increased neuronal excitability associated with the recently-experienced seizures (Baykan et al., 2000) . Single-photon emission computerized tomography (SPECT) studies, that investigated the relationship of LPDs with ictal state, showed hyper-fusion during activity and hypofusion after the activity in the LPD areas, which suggested that LPDs are ictal phenomena (Assal et al., 2001 ). On the other hand, many studies including video EEG monitoring have revealed LPD activity as an interictal finding, independent from the ictal state (Terzano et al., 1986; Sierra-Marcos et al., 2015) . Moreover, longterm follow-up studies indicated LPD activities being persistent for years (PeBenito and Cracco, 1979; Gurer et al., 2004) . The fact that LPD activity is electrophysiologically suppressed by the administration of benzodiazepines during the acute period further supported the view that LPDs were an ictal discharge, at least on some occasions (Claassen, 2009) . During the chronic period, the recommended treatment includes antiepileptic drugs such as carbamazepine, valproate, and felbamate (Hughes, 2010) .
CONCLUSION
Patients who have fluctuating positive and negative clinical symptoms should be evaluated with EEG. NCSE may present like stroke episodes. LPDs could be interictal discharges and ictal signs.
